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(54) Abstractive 

Growing semiconductor layers 



(57) A method of growing a Group Ill-nitride semiconductor layer 3 on a lattice mismatched substrate 1 
comprises depositing an amorphous or polycrystalline buffer layer 2 of B x AlyGa z ln|„ x _ y .2N alloy on the 
substrate and recrystallizing the buffer layer before epitaxially growing the semiconductor layer. The substrate 
may comprise sapphire and the semiconductor layer may be GaN. 



Fig.lc 




o 

CD 

CO 
CJI 



^1 



> 



■15 
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EPITAXIAL GROWTH METHOD OF 
m- NITRIDE SEMICONDUCTORS ON 
HIGHLY MISMATCHED 
SUBSTRATES WITH USE OF 
BxAljGaJna^iN BUFFER 
NUCLEATION LAYER 

BACKGROUND OF THE INVENTION 

1 .Field of the Invention 

The present invention generally relates to 
fabrication of Hi-nitride semiconductor 
devices by growth of epitaxial 
semiconductor layers on highly lattice 
mismatched substrates. More particularly, 
the invention deals with a special buffer 
nucleation layer which accommodates high 
mismatch. 

2. Description of the Prior Ait 

Epitaxial growth of EH-nitride 
semiconductor on highly mismatched 
substrates results in extremely strained 
semiconductor layers. This strain gives rise 
to the formation of many extended defects 
such as dislocations, grain boundaries, 
stacking faults, inversion domains etc., and it 
is generally responsible for the poor quality 
of the grown semiconductor layers. Buffer 
nucleation layers have been used during 
several decades for the strain reduction and 
improving quality of the grown 
semiconductor layers. Usually buffer 
nucleation layers for epitaxial growth of III- 
nitride semiconductor on highly mismatched 
substrates are made of AIN, GaN 
compounds or Al K GayIn]. x . y N alloys. 

The present invention employs the buffer 
nucleation layer made of boron containing 
BxAlyGaJnix-y«N alloys. 

SUMMARY OF THE INVENTION 

It is an object of the present invention to 
provide a growth method that allows to 
eliminate the strain resulting from high 



mismatch between the lattice parameters of 
the Ill-nitride semiconductor and a substrate 
on which this semiconductor is grown. 

This invention states the use of the boron 
containing BjcAIyGa 2 Ini x .y- z N alloy buffer 
nucleation layer in the growth process of Hi- 
nitride semiconductors on highly lattice 
mismatched substrates. 

Providing boron containing alloys as 
materials for depositing nucleation layers 
increases density of nuclei. The boron 
containing alloys have higher crystallization 
temperature comparing to Ill-nitride alloys 
without boron. The higher crystallization 
temperature results in lower mobility of 
adsorbed atoms over the surface of the 
substrate. This leads to higher density of 
nuclei in the nucleation layer and smaller 
nuclei sizes. After the recrystallization of 
the buffer nucleation layer this results in 
improved structural quality of epitaxial 
layers. 

The high chemical activity of boron atoms 
compared with other Hi-group elements is 
also favorable for the formation of higher 
density of nucleation sites. 

The other advantage of boron containing 
alloys in the buffer nucleation layer is the 
admixture of BN graphite phase which 
reduces the hardness and increases the 
plasticity of the buffer nucleation layer that 
in turn results in better strain relaxation of 
Hl-nitride epilayers grown on highly 
mismatched substrates. 

Using BxAl y Ga z Inu-y-xN alloys comparing 
with AlN, GaN compounds or Al x Ga y In lJJC . 
y N alloys, provides wider range of lattice 
constant variation and wider possibility for 
mismatch reduction for various substrates. 

The growth process with use of the buffer 
layer consists of the following main three 
stages. 

I. The thin amorphous or polycrystalline 
buffer nucleation layer is deposited on 
the substrate at the temperature in the 
range 300 -800 C. 



2. Then a reciystalli2ation of the buffer 
nucleation layer at temperature 1000 - 
1500 C is performed. 

3. Then the epitaxial Hi-nitride 
semiconductor layer is grown on the 
recrystallized buffer nucleation layer at 
temperature 700 - 1500 C. 

BRIEF DESCRIPTION 
OF THE DRAWINGS 

Figs, la-c, illustrates the use of the boron 
containing BjtAlyGaJnu-y-iN alloy buffer 
nucleation layer in the growth process of ITT- 
nitride semiconductors on highly lattice 
mismatched substrates. 

DET AILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

The preferred embodiments of the present 
invention are illustrated in Figs. la-c. These 
figures show the principal stages of the 
growth of the epitaxial semiconductor layer 
using the boron containing B x Al y Ga£lni*y. z N 
alloy buffer nucleation layer. 

At first stage, shown in Fig. la, the 
amorphous or polyciystalline buffer 
nucleation layer 2 with the thickness from 5 
A to 500 A is deposited on the substrate 1 at 
temperature in the range 300 - 800 C. 

At second stage, shown in Fig.lb, a 
recrystallization of the buffer nucleation 
layer 2 at temperature 1000 - 1500 C is 
performed. 

At third stage, shown in Fig.lc,the 
epitaxial Ill-nitride semiconductor layer is 
grown on the recrystallized buffer nucleation 
layer at temperature 700 - 1500 G 

The advantages of using boron containing 
B^AlyGa 2 Ini x . y . z N alloys in the buffer 
nucleation layer are: 

1. Boron containing alloys as materials for 
depositing nucleation layers reduce 
nuclei sizes and increase density of 
nuclei. After the recrystallization of the 
buffer nucleation layer, this results in 
improved structural quality of epitaxial 
layers. 



2. The high chemical activity of boron 
atoms compared with other Hi-group 
elements is also favorable for the 
formation of higher density of nucleation 
sites. 

3. The admixture of BN graphite phase 
reduces the hardness and increases the 
plasticity of the buffer nucleation layer 
that in turn results in better strain 
relaxation of Hi-nitride epilayers grown 
on highly mismatched substrates. 

4. BxAl y Ga 7 Ini x - y .,N alloys comparing with 
A1N, GaN compounds or Al x Ga y Ini.jc-yN 
alloys, provide wider range of lattice 
constant variation and wider possibility 
for mismatch reduction for various 
substrates. 

Thus, the use of the boron containing 
BxAlyGaJnu-y-iN alloy buffer nucleation 
layer allows to grow the high quality 
epitaxial El-nitride semiconductor layers on 
highly mismatched substrates. 

The invention will be more fully 
understood by reference to the following 
examples 

EXAMPLE 1 

At first stage, shown in Figla, the buffer 
nucleation layer 2 of B0.tGa0.9N alloy with 
the thickness 200 A is deposited on the 
sapphire substrate 1 at temperature 500 C 

At second stage, shown in Fig.lb, the 
temperature is risen up to the growth 
temperature 1000 C of the GaN 
semiconductor layer. The temperature rise 
causes recrystallization of the buffer layer 2 
as shown in Figlb. 

Then 2 fun thick GaN epitaxial layer 3 is 
grown on the recrystallzed layer 2. 

EXAMPLE 2 

At first stage, shown in Fig.2a, the first 
buffer nucleation layer 2 of Bo iGao.oN alloy 
with the thickness 200 A is deposited on the 
sapphire substrate 1 at the temperature 500 
C. 



At second stage, the temperature is risen 
up to the growth temperature 1000 C of the 
GaN semiconductor layer. The temperature 
rise causes reciystallization of the first buffer 
layer 2 as shown in Fig.2b. 

At the third stage, temperature is risen up 
to the temperature 1 150 C to grow the 500 A 
thick intermediate GaN epitaxial layer 3 as 
shown in Fig.2c. 

Then, the second buffer nucleation layer 4 
of Bo.1Gao.9N alloy with the thickness 200 A 
is deposited on the first GaN epitaxial layer 
3 at the temperature 500 C as shown in 
Fig.2d. 

After that, the temperature is risen up to 
the growth temperature 1 000 C for 
reciystallization of the second buffer 
nucleation layer 4 a 

Finally, then 2 jim thick the GaN epitaxial 
layer 5 is grown on the second buffer 
nucleation layer 4 as shown in Fig2f. 

EXAMPLE 3 

At first stage, shown in Fig.la, the buffer 
nucleation layer 2 of Bo.1Gao.9N alloy is 
deposited on the sapphire substrate 1 
simultaneously with temperature rise from 
600 C up to 1000 C with the rate of 
temperature variation 5 C per second. 

At second stage, shown in Fig. lb, the 2 
jim thick GaN epitaxial semiconductor layer 
3 is grown on the recrystallized buffer 
nucleation layer 2. 



1. An epitaxial growth method of IlJ-nitirde 
semiconductor layers and structures on 
highly mismatched substrates using the 
B x AlyGa l In 1 . x . y . z N alloys in the buffer 
nucleation layer comprising: 

the deposition on a substrate of the 
amorphous or polyciystalline buffer 
nucleation layer with the thickness from 10 
A to 1000 A at the temperature in the range 
300-800Q 

the recrystallization of the buffer nucleation 
layer at temperature 1000 - 1500 C during 
the time period in the range 5 - 500 sec; 

the epitaxial growth of a Ul-nitride 
semiconductor layer or structure on the 
reciystallized buffer nucleation layer at the 
temperature 700 - 1500 C. 

2. The buffer nucleation layer made of 
ternary B x Ali- x N alloys, where 0<x<l. 

3. The buffer nucleation layer made of 
ternary B x Ga 1<c N alloys, where 0<x£l . 

4. The buffer nucleation layer made of 
ternary B x Ini. x N alloys, where 0<x<l. 

5. . The buffer nucleation layer made of 
BxAlyGaxInux-y-zN alloys, where 0<x<l, 
0<y<l,0<z<l,x+y+z<l. 



6. An epitaxial growth method of ni-nitirde 
semiconductor layers and structures on 
highly mismatched substrates using the 
BxAlyGaJni-x-y-zN alloys in the buffer 
nucleation layer comprising: 

the contimios deposition on a substrate of the 
amorphous or polycrystalline buffer 
nuoleation layer with the thickness from 50 
A to 1000 A at the rising temperature from 
300 - 800 C to . 800 - 1500 C with the 
temperature rising rate in the range from 1 - 
10 degree per second 

the epitaxial growth of a Ill-nitride 
semiconductor layer or structure on the 
recrystallized buffer nucleation layer at the 
temperature 700 - 1500 C. 

7. The use for the epitaxial growth of III- 
nitride semiconductor of 1 to 10 buffer 
nucleation layers made of BxAlyGa^i-x-y^N 
alloys, where 0<x<l, 0<y<l, 0<z<l, 
x+y+zSl with intermediate epitaxial HI- 
nitride semiconductor layers. 
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